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$\frac{dx}{dt}=\lambda-mx-\beta xv$ , $\frac{dy}{dt}=\beta xv-ay$ , $\frac{dv}{dt}=ary-bv$ (1)
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$x$ : $y$ : $v$ :
1 Korobeinikov [4]
Nowak-Bangam [5]







$\frac{dx}{dt}=\lambda-dx-\beta xv$ , $\frac{dy}{dt}=\beta xv-ay-pyz$,
(3)
















Pang et al. [6]
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(3)
$R_{0}=\lambda\beta(r-u)/(bd)$ $1<R_{0}<1+a(r-u)\beta e/(bdq)$ $(x^{*},y^{*}, v^{*}, 0)$
$x^{*}= \frac{b}{\beta(r-u)},$ $y^{*}= \frac{bd}{a(r-u)\beta}$ $($ $-1),$ $v^{*}= \frac{d}{\beta}(R_{0}-1)$ .
$(\hat{x},\hat{y},\hat{v},\hat{z})$ $\hat{y}=d/q$









2. $>1+a(r-u)\beta e/(bdq)$ $r>u(1+\beta\hat{v}/d)(1+$
$p\hat{z}/a)$
$V(x, y, v, z)=(x- \hat{x}\log x)+\frac{ar}{ar-u(a+p\hat{z})}(y-\hat{y}\log y)$




Iggidr et al. [1]
: 1 $i$
$R_{0}^{j}= \frac{\lambda\beta_{j}(r_{j}-u_{j})}{b_{j}d}$.
$\hat{x}=(\hat{x},\hat{y}_{1}, \cdots,y_{n}\wedge,\hat{v}_{1}, \cdots,\hat{v}_{n},\hat{z}_{1}, \cdots, z_{n}\wedge)$
$R_{0}^{1} \geq\cdots\geq R_{0}^{j}>\frac{\lambda}{d\hat{x}}>R_{\eta}^{j+1}\geq\cdots\geq R_{0}^{n}$
$\hat{y}_{i},\hat{v}_{i},\hat{z}_{i}>0$ $(i=1,2, \ldots,j)$
$\hat{y}_{i},\hat{v}_{i},\hat{z}_{i}=0$ $(i=j+1, \ldots,n)$ .
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$x,$ $y_{1},$ $\ldots,$ $y_{n},$ $v_{1},$ $\ldots,$ $v_{n},$ $z_{1},$ $\ldots,$ $z_{n}$
$V$ o
$V(x, y_{1}, \ldots, y_{n}, v_{1}, \ldots, v_{n}, z_{1}, \ldots, z_{n})$











$\frac{dx}{dt}=\lambda-mx-\beta xv$ , $\frac{dy}{dt}=\beta xv-ay-ryz$ , $\frac{dv}{dt}=ary-dv-pvz$ ,
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